CLINICAL EXPERIENCE WITH FLUOTHANE—I,400 CASES

C. R. SterHEN, M.D,, Joux H. Lawrexce, M.D., L. W. Famax, M.D.
M. Bouraeois-Gavakoix, M.D., S, Dext, M.D., D. C. Grosskreurz, M.D.

In seite of advances in intravenous anesthesin and in conduction
analgesia, inhalation techniques have remained the backbone of anes-
thetic administration throughout the years. Each inhalation drug
has some undesirable properties; so the search has continued for
better agents to provide safe narcosis for patients. In recent years a
particular need has hecome apparent for a nonflimmable and nonex-
plosive drug which is potent, easily reversible and safe. While sereen-
ing for such a compound, Suckling in England found a fluorinated
ethane derivative, CF3 CHBrCl, Fluothane, which Raventés (1) be-
lieved could be employed safely in clinical anesthesin. Numerous elini-
cal reports within the last year (2-19) have corroborated the anesthetic
properties and nonflammability of this drug.

This report is a sequel to a preliminary investigation (4) and dis-
cusses the impressions gained and problems encountered in 1,400 clini-
cal administrations of Fluothane. All age groups were included
(table 1) and a variety of surgical procedures performed (table 2).

TABLE 1
Age Groups oy PaTiENTs REcEIVING FLuomiiase

Agen Number Per Cent
4 months to 10 yeams 209 14.9
10 to 19 years 150 11.4
20 to 29 yearn 214 153
130 to 39 yeurs 411 222
40 t 49 yenrs 244 174
50 to 59 yeam 153 1094
60+ years 110 79
1,400 100.0

TABLE 2
SiTE oF OPERATION

Site Number Por Cent
Head and neck 302 28.0
Trunk 182 13.0
Intrathoracic 165 11.8
Intrn-abdominal 224 16.0
Pelvic 108 7.7
Extremitics 329 23.5
1,400 100.0

Rend before the annual meeting of the American Socicty of Aneﬂthcuiolugia(l; Los Angeles,
California, Qctober 16, 1957, and accepted for publication December 13, 1957. The authors
{exeept Dr. Grosskreutz) are in the Division of Ancsthesia, Duke University Medical Center,
and the Veterans Administration Hospital, Durham, North Carolina. Dr, Grosskreutz is now
at the Robert B. Green Memorial Hospital, San Antonio, Texas.
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TABLE 3
LENGTII oF ANESTHESIA AND OPERATION
Time Number Per Cent

Lexs than 1 hour 224 16.0
Less than 2 hours 418 299
Less than 3 hours 303 21.6
More than 3 hours 455 325

1,400 1000

The length of operations was variable (table 3). Several patients re-
ceived Fluotbane on three or four occasions over a three week period.

Vitan Fuxcrioxs

Respiralory System.—In light surgical planes of anesthesia, Fluo-
thane depressed the tidal volume of respiration. First intercostal
paresis was seen and this was followed by intercostal paralysis. In
deeper planes of anesthesia there was weakening and cessation of
diaphragmatic action. This respiratory depression developed quickly
in three or four minutes when the concentration of the drug was in-
creased rapidly. Ilowever, this sequence of events was also easily
and quickly reversible. Rate of respiration under Fluothane usually
was not altered, although in some patients a tachypnea to a rate of
30 to 35 respirations per minute was seen. Often surgical stimulation
was associated with this rapid respiration.

Laryngospasm and bronchospasm were not precipitated by the ad-
ministration of Fluothane. Pharyngeal and laryngeal reflexes were
depressed soon after induetion, allowing the safe insertion of a naso-
pharyngeal or oropharyngeal airway. In “surgieal’’ planes of anes-
thesin manual inflation of the lungs was nccomplished easily. The
drug was employed advantiageously in 40 patients having n definite
history of asthma. Eight of these patients had rales and rhonehi
throughout the lung fields at the time of administration. In no patient
did the asthmatic condition become worse clinically.

Cardiovascular System.—Tachyeardia during administration of
Fluothane was rare. The trend appeared to be towards a slowing
of the pulse rate. In 49 (3.5 per cent) patients in this series, the
decrease in pulse rate was greater than 20 per minute (table 4). In 41
patients (2.9 per cent) a bradyeardia of less than 60 beats per minute
was seen. These figures are less than those reported by other in-
vestigators. It is believed that in this series a greater incidence of
bradyeardia was prevented by the administration of adequate doses of
anticholinergie drugs preoperatively. An increase in parasympathetic
tone, as occurs presumably with the administration of eyclopropane,
was thought to be the cause of bradyecardia.

A decrease in blood pressure was ¢ommon, though by no means in-
variable, during induction with Fluothane. It was noted (table 5)
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TABLE 4
Repvctions 1N PuLse RATE DURING FLUOTHANE ADMINISTRATION
Pulse Rate Drop Number Per Cent
More than 20 per minute 26 18
More than 34 per minute 10 0.7
Mare than 40 per minute 8 0.6
More than 50 per minute 5 0.4
49 3.5
Bradycardia less than 60
per minute 41 29
TABLE 5
HryrotensioN GreaTer TuaN 20 s o Mercury Derise Inprerion
Blood Presure Fall Number Per Cent
More than 20 mm., Hg 216 16.6
More than 30 mm. Hg 127 0.7
More than 40 mm, Hyg 61 4.7
More than 50 mm. Hg 56 42
460 352

that 460 patients (35.2 per cent) suffered a reduetion in systolie blood
pressure greater than 20 mm. of mercury. In 71 patients the hypo-
fension was severe enough to demand specific therapy, such as stopping
the Fluothane, or administering anticholinergic drugs or vasopressor
compounds (table 6). Usually the blood pressire returned toward

TABLE 6
Tuenarerric Measvnes 1o Coupat Hypotession Duenisa Inpuerion
Treatment Number
Fluothane discontinued 18
Anticholinergic drug 24
Vasopressor drug 25
Blood transfusion 4

normal levels with the beginning of surgery. During maintenance of
anesthesia a decrease in blood pressure greater than 20 mm. systolic
occurred in 174 or 12.4 per cent of patients. Again this alteration was
treated in one of several ways, dependent upon the particular cireum-
stances in each case (table 7). In most of these latter patients Fluo-
thane was not believed to be the primary etiologic factor precipitating

TABLE 7
TuerarevTIic MEASURES To CosBaT HYpoTeNsioN DuniNGg OPERATION
Treatment . Number
Fluothane discontinued 9
Blood transfusion 60
Vasopressor drug 41
Anticholinergic drug 16

Traction reflex relieved 26
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hypotension. Blood loss or traction reflexes were held responsible
frequently.

The physiologic changes which lead to hypotension are not yet
known definitively. There seems little doubt that the degree of hypo-
tension is related closely to the concentration of Fluothane exhibited to
the patient. Experimental evidence in the dog heart-lung preparation
(17) indicates that a progressive decrease in myocardial output ac-
companies exposure to increasing concentrations of the drug. At the
sume time laboratory data (1) and clinical observations (2, 19) indicate
that Fluothane produces peripheral vasodilatation. TIn this series the
extremities of patients were warm and dry, with full bounding pulses,
and resembled the condition that is seen following the administration
of chlorpromazine intravenously. These observations suggest that a
reduction in peripheral resistunce accompanies Fluothane anesthesia
and may be a significant factor in the production of hypotension.
Whatever the factors involved, evidence is mounting (21, 22), in ad-
dition to our findings, that sudden exposure of the patient to relatively
high concentrations of Fluothane ean cause cessation of eardiac action.
This realization renders mandatory the provision of means whereby
Fluothane can be administered in controlled and accurate eoncentra-
tions.

Central Nervous System.—Fluothane alone was capable of pro-
ducing satisfactory hypnosis, analgesin and muscular relaxation for
many operative procedures. In safe concentrations it provided a
degree of muscular relaxation akin to what might be expected of
cyclopropane in optimal concentrations. The analgesin provided by
Fluothane developed rather slowly. On a number of oceasions the
patient appeared well anesthetized, with some associated intercostal
paresis, but the surgical incision caused movement of the extremities.
To the observer it looked as if the patient had been “playing possum.’?
After about 30 minutes of inhalation, analgesia was adequate for any
surgical trauma.

TABLE 8
Liver Function (BromsuLrnaruiy Dye ReTesTion)
Morc Than 5 Per Cent Number of .
Retention in 45 Minutea Patients Per Cent
Cuntrals (51 patients) '
24 hours postopertive 22 43.1
5 days postoperative 7 13.7
Fluothane (51 patients)
24 hours postoperative 20 30.2
5 days postoperative [ 11.8

Metabolism.—As far as could be determined, Fluothane was elimi-
nated unchanged through the lungs. In elinical concentrations it ap-
peared to have little effect on liver or kidney function. Twenty pa-
tients anesthetized with Fluothane, but who did not receive intravenous
glucose, had serial determinations of blood glucose during operation.
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In no case was there an unusual inerease or decrease in blood sugar
coneentration. A series of 51 patients reeciving Fluothane had Brom-
sulfalein determinations performed twenty-four hours and five days
following anesthesin. The controls were a similar series of patients
anesthetized with drugs regularly employed in this hospital, including
ethyl ether, cyclopropane and thinmylal sodium. The majority of the
operations in each group were designated as major procedures. Re-
tention of dye occurred in both series (tabie 8) but not to a greater
extent in the Fluothane group than in the controls,

Besides anesthesin and surgieal trauma many factors may interfere
with liver function. Results such as the above do not incriminate or
absolve Fluothane from interference with liver metabolism. However,
in the 1,400 cases under review, no patient was seen with clinical evi-
dence of liver dysfunction following anesthesia. One patient showed
no abnormalities in a battery of liver function tests performed after
four anestheties with Fluothane given within a period of two weeks.
A patient from another institution who came to autopsy for reasons
unrelated to anesthesia, but only a short time after four administra-
tions of Fluothane for lengthy nenrosurgical procedures, showed a nor-
mal liver and kidney parenchyma (20).

PreoreraTive MepicaTion

Preoperative medication for Fluothane patients did not differ
greatly from that preseribed when other anesthetic drugs were given.
Apprehensive patients were administered a short acting barbiturate
about two hours preoperatively. A narcotic drug, usually meperidine,
50 to 100 mg., was preseribed for most patients about one hour before
induction. In one group of 50 patients the narcotic was omitted in
order to sce if less respiratory depression developed during Fluothane
administration. No difference was observed clinically.

A particular effort was made to ensure that adequate amounts of
anticholinergic drugs were administered preoperatively. In the ma-
jority of patients the drug was given either intramusenlarly or intra-
venously, or a fraction by both routes, about ten to fifteen minutes
prior to induction in the operating room suite. In this way maximum
effectiveness at the right time was more certain. Atropine or Antrenyl
were the drugs employed most commonly. For the average patient the
dose of either drug was 0.6 mg. With this regimen the incidence of
bradyeardia less than 60 beats per minute was 2.9 per cent in this
series. In a number of patients, when bradyecardia and hypotension
were associated during induction of anesthesia, the administration of
an anticholinergic drug reversed hoth conditions,

InpucTiON -

The hoiling point of Fluothane is sufficiently low (50.2 C.) to permit
satisfactory vaporization by the open drop technique. This method
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was cmployed in 105 children. Induction was rapid and associated
with a short excitement stage in about 50 per cent of patients. The
speed of induction was equivalent to, if not faster than, that possible
with vinyl ether. The absence of secretions was remarkable. Fluo-
thane was dropped on the mask with caution to prevent the rapid de-
velopment of respiratory depression in the surgical stage of anesthesia.
Because of the inability to supplement respiratory exchange with the
open drop technique, it was concluded that the administration of Flue-

- thane by this method should be limited to short periods, and that in all
cases oxygen should be flowed in under the face-mask. An alternative
and safer induction technique in children utilizing a nonrebreathing
mask was practiced in 89 cases. Flowing equal quantities of nitrous
oxide and oxygen, Fluothane was introduced slowly but continually.
Induction was rapid and respiratory exchange could be assisted manu-
ally as soon as indicated. It is believed that the potency of Fluothane,
combined with its minimal irritability, places it in the unique position
of being the only anesthetic drug with which satisfactory induetion and
maintenance of anesthesia are possible in children using a nonrebreath-
ing technique.

In adults two principal types of induction were employed. Early
in the series it was decided, in a purely arbitrary manner, to anesthetize
patients utilizing a flow of nitrous oxide, 2 liters, and oxygen, 2 liters,
to vaporize Fluothane. A partial rebreathing technique in a circle or
to-and-fro system was used. Such purely inhalation induetions could
be accomplished in five to seven minutes, but usually included a definite

excitement stage. This excitement stage was obviated or circumvented .

by beginning the induection with a sleeping dose of an ultrashort acting
barbiturate. Therefore in most patients the administration of
thiamylal sodium, 100 to 250 mg., preceded application of the mask to
the face. Laryngospasm and bronchospasm were almost nonexistent
during induction and salivary seccretions were absent. Masseter re-
laxation and obtundation of pharyngeal and laryngeal reflexes occurred
in two to three minutes, allowing insertion of an airway without re-
action. A concentration of 2.0 to 3.0 per cent Fluothane was required
usually to induce surgical anesthesia. Onee surgery had begun, or
sometimes earlier, this concentration was reduced. A diminution of
respiratory exchange, which involved first the intercostal muscles, de-
veloped during induction and usually persisted during maintenance of
anesthesia. Assisted or controlled respnutxons were necessary o
maintain adequate ventilation.

Endotracheal intubation was performed in 58 per cent of the pa-
tients in this series. Approximately two-thirds of these patients were
intubated with the aid of a single dose of succinylcholine (40 to 50 mg.)
intravenously. Intubation under Fluothane alone was at times diffi-
cult beeause the effects of the drug were so evanescent. Adequate
muscular relaxation was always present for exposure of the larynx and
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insertion of the tube, but usnally, unless the gas machine was recon-
nected within 45 seconds, the plane of anesthesia beeame so light that
coughing and bucking on the tube oceurred. This undesirable reaction
was subdued by several inhalations of Fluothane. In many instances
it was circumvented by transtracheal insertion of a topical analgesic
prior to intubation.

MAaINTENANCE

Maintenance of anesthesiz was smooth in the great majority of
patients.  Concentrations of Fluothane between 0.4 and 1.6 per cent
were sufficient to maintain anesthesia with moderate museular relaxa-
tion. Alterations in planes of anesthesia could be accomplished
rapidly. If a patient showed signs of lightening anesthesia, increasing
the concentration inhaled by 0.5 per cent for eight to ten respirations
established a deeper plane. The plane of anesthesia could be lightened
in the opposite manner.

In this series satisfactory muscular relaxation for lower abdominal
surgery was obtained by Fluothane alone in safe planes of anesthesia.
For upper abdominal procedures a slow drip of suceinyleholine, 0.1 per
cent solution, was required frequently to give the surgeon satisfactory
operating conditions. When the hilum of the lung was being manipu-
lated during intrathoracic operations, bucking on the endotracheal tube
was observed unless small amounts of succinylcholine were adminis-
tered intravenously.

d-Tubocurarine chloride was not administered in this series beeause
of the pronounced hypotension which has been reported following in-
jection (2). Gallamine triethiodide (Flaxedil) also was not used. Pa-
tients reacted to succinylcholine in a manner similar to that seen when
it was administered with other anesthetic drugs.

Bleeding or oozing of cut surfaces did not appear greater with
Fluothane than with other drugs. However, it was onr impression that
patients under Fluothane reacted more readily to moderate blood loss
by a fall in blood pressure. The peripheral vasodilatation associated
with administration of this drug could account for this impression.
The sitnation was similar to, but less marked than that seen with
ganglionic blocking drugs.

It was observed that traction reflexes initiated by severe gastro-
intestinal manipulation or by pulling on the uterus often induced hypo-
tension during Fluothane administration. The blood pressure re-
turned toward normal when traction or manipulation was stopped.

REecovery

Emergence from anesthesia following Fluothane administration
was satisfactory. In the typical patient pharyngeal and laryngeal re-
flexes returned within two to three minutes. Within five minutes the
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patient answered questions, was oriented as to time, place and person
and obeyed simple requests. Recovery room nurses noted that patients
receiving Fluothane were able to return to their wards sooner than
those receiving other anesthetics.

Nausea and vomiting in the postoperative period were uncommon.
In this series 406 patients were followed closely in this regard. Of this
group 3.2 per cent were nauscated and 4.7 per cent exhibited both
nausea and vomiting.

Shivering was noted occasionally in the recovery room. No obvious
explanation for this. was apparent, although it is believed that the
presence of peripheral vasodilatation during anesthesia with associated
heat loss could reduce body temperature and account for shivering
postoperatively.

Discussion

Fluothane is potentially a dangerous drug because it is an extremely
potent, nonirritating compound. Its potency dictates that certain safe-
guards be taken regarding administration to patients. Precautionary
measures include:

(1) The administrator must realize that a narrow margin of con-
centration may spell the difference between optimum effect and over-
dosage. This drug is not like a mild beer which is consumed in tall
glasses. It resembles a potent liqueur which provides satisfaction in
small quantities.

(2) Fluothane can be administered safely only when aceurate means
of vaporization are available. Vaporizers should be calibrated for
Fluothane before they are used and should be so constructed that con-
centrations can be varied in tenths of one per cent over the range of
clinieal usefulness, that is, 0.1 to 3.5 per cent.

(3) The flow of gas which is vaporizing fluothane should be known
at all times. This stipulation means that, if a circle system is being
utilized, the Fluothane vaporizer must be placed between the gases
being supplied from the gas machine and the inlet to the cirele system.
This point can be exemplified best by the following ease report, which
is the only case of cardiac arrest in this series:

A 30-year-old man weighing 118 pounds and in good physical condition under-
went a right ureteral exploration for persistent right lower quadrant pain. Pre-
operatively blood pressure was 118/60 and pulse rate was 80 per minute. Pre
medication consisted of secobarbitol, 100 mg., meperidine, 100 mg., and atropine,
0.6 mg. Anesthesia was induced with thiopental sodium, 120 mg., following
which the patient was administered nitrous oxide, 2 liters per minute and oxygen,
2 liters per minute, with Fluothane being vaporized by means of a standard Heid-
brink ether bottle, with wick inserted, which was placed on the inhalation side
of a standard circle system of a Heidbrink kinetometer. The concentrations of
Fluothane being administered were unknown (this case occurred early in the
series). Endotracheal intubation was facilitated by the injection of succinyl
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choline, 50 mg., intravenously. Anesthesia with nitrous oxide, oxygen and Fluo-
thane proceeded uneventfully for one and one-half hours. The spontaneous res-
pirations of the patient were assisted by the anestkesiologist during this period.
When peritoneal closure was to begin, a succinylcholine drip, 0.1 per cent, was
begun in order to provide maximal relaxation. At the same time controlled
respirations were instituted to assure adequate ventilation. Within two minutes
no pulse and blood pressure were obtainable. A thoracotomy was performed
rapidly. The heart was found in asystole, but responded immediately to mas-
sage. The patient made an uneventful recovery.
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Fig, 1. Anesthetic record of a 55-year-old patient, which illustrates the danger of in-
corporating a Fluothane vaporizer into the circle system of an anesthetic gas machine.

In reconstructing the above events, it was believed that the instiga-
tion of controlled respirations just before the arrest suddenly increased
the minute volume respiration, and, therefore, also increased the
amount of gas passing over the surface of the Fluothane, so that a
sudden increase in concentration of Fluothane was pumped into the
lungs and blood stream of the patient.

An attempt was made to reproduce the situation just described. A
new Heidbrink vaporizer designed specifically for Fluothane, and
calibrated accurately for known rate of flow was incorporated into the
tircle system. Figure 1 shows the anesthetic record of this patient.
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After a short induction with thiamylal sodium, nitrous oxide, oxygen
and Fluothane, succinylcholine, 40 mg., was injected intravenously to
facilitate intubation. Controlled respiration with unknown tidal or
minute volume was instituted for two minutes without altering the
concentration of Fluothane (approximately 1 per cent at a flow of 6
liters per minute) and intubation performed. TFollowing insertion of
the tube no blood pressure could be obtained, but a faint pulse was
felt in the carotid area. The Fluothane was turned off and a vaso-
pressor administered. The blood pressure was obtainable within a
few minutes and the operation was begun. This same vaporizer,
placed outside the circle system, was employed for similar procedures
in numerous patients without severe episodes of hypotension.

(4) Probably the nonrebreathing technique is the ideal method in
which to employ Fluothane. However, safe administration is prae-
tical utilizing the partial rebreathing technique if the vaporizer is not
included in the circle system.

As experience grew with Fluothane, the contraindications to its use
became less numerous. Due to the fact that in animals Fluothane
sensitized the heart to epinephrine, the drug was not employed when
epinephrine injections were contemplated by the surgeon for hemo-
stasis. Beeause of the effect of the drug on the eardiovascular system,
which is not yet defined clearly, it was not administered to patients in
shock, to those with obvious diminished cardiac reserve, or when severe
arrhythmias were present preoperatively. Uncomplicated hyperten-
sion was not a contraindication to the use of Fluothane.

CONCLUSIONS AND SUMMARY

Fluothane is a potent nonflaimmable and nonexplosive anesthetie
drug which has been employed in all age groups and for a variety of
operative procedures. Depression of the tidal volume of respiration
occurs in surgical planes of anesthesia. Hypotension is prone to de-
velop during induction of anesthesia. Accurate and proper methods
of vaporization are essential if it is to be utilized safely. Much more
investigation is required before its true status in anesthesia can be
established. Work should proceed hoth in the laboratory and in the
operating room. At the present time we believe that Fluothane will
find a useful place in anesthesiology.

This work was supported by a grant from Ayerst Laboratories, New York, New York.
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